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WORKSHOP SUMMARY

The first NASA CFD Validation workshop was held at the Ames Research Center

on July 14-16, 1987 with I08 persons in attendance. After being welcomed

by the Director of the Office of Aerophysics at the Ames Research Center,

NASA Headquarters management presented introductory comments and expecta-

tions for the meeting. Recommendations from a recent review of CFD valida-

tion activities at three NASA Research Centers, conducted by the Ad Hoc

Committee on CFD Validation of the Aeronautics Advisory Committee (AAC),

were presented. Definitions developed by the Committee for code verifi-

cation, code calibration and corresponding experiments were also introduced

and discussed. NASA will use these definitions in conjunction with the CFD

Validation program as a tool to manage and maintain a balanced program.

For completeness, a copy of the AAC Ad Hoc Committee report is included
herein.

The Ames, Langley, and Lewis Research Centers presented overviews of their

CFD Validation activities with brief descriptions of their key experiments.

These presentations covered the entire speed range and included external

and internal aerodynamic flows, combustion, aerothermal loads, and aero-

elasticity. Following the NASA presentations, other government instal-

lations, industry, and universities presented overviews of their CFD

Validation activities and needs. The presentations and speakers are listed

in the Workshop Program which is included herein along with copies of the

presentations.

After these formal presentations, the workshop attendees were divided into

six working groups. The working groups focused on the following key areas:

Low Speed Aerodynamic Flows; High Speed Aerodynamic Flows-Commercial; High

Speed Aerodynamic Flows-Military; Internal Flows; Hypersonics-ChemicaUy

Reacting External/Internal Flows; and Hypersonics-External Aerothermo-

dynamics. Each working group was given a list of five issues to address in

their discussions. The issues were: (1) identify key efforts (numerical

and experimental) required to meet immediate modeling and validation needs;
(2) identify near-term and far-term critical problem areas that require new

or additional modeling and validation activities; (3) identify computa-

tional, experimental, facility and instrumentation, or other capabilities

required to investigate these critical problem areas; (4) identify key

modeling and validation projects that are potential cooperative/joint

ventures; and (5) define, identify and/or propose standardized test cases

for modeling and validation.

The working groups met for about 6 hours to discuss these issues and

prepare summaries.

The formal workshop resumed with the various spokespersons presenting the

results from their group discussions. These presentations have also been
included herein. Several common recommendations were made. These, not in

priority order, included: (1) provide closer cooperation between CFD

developers and experimentalists at the outset of verification projects with

a lasting commitment from both to see the projects through to completion;

(2) provide detailed measurements of the flow field and boundary conditions

in addition to model surface measurements and integral quantities; (3) pro-

vide improved or new non-intrusive measurement capabilities, especially for



hypersonic or reacting flow conditions; (4) provide redundancy in both
measurements and experiments whenever practical so as to clarify data accu-

racy and credibility; (5) provide dedicated large facilities for validation
research and increase flight-based research activities; and (6) provide
standardized test eases with accessible electronic data bases. The recom-

mendation for standardized test cases received a strong consensus during
the workshop. NASA will review the recommendations from the groups and
determine a course of action to advocate their implementation.

The workshop concluded with the general feeling that the meeting was very
successful. Attendees from the various research centers, universities and

industry expressed a renewed understanding of each other's viewpoints on

C FD validation. Experts in computational and experimental fluid dynamics

were able to begin the synergistic interaction critical to successful

validation activities in their one-on-one discussions. Many felt that this

workshop should be the forerunner of future workshops on specific topic

areas because the workshop atmosphere provides a forum for discussing both

successes and failures which taken together often lead to more expeditious

problem solutions.
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1

INTRODUCTION AND APPROACH

Computational Fluid Dynamics (CFD) is becoming an increas-

ingly powerful tool in the aerodynamic design of aerospace

systems, owing to improvements in numerical algorithms, geometric
modeling, grid generation, and physical parameter modeling, as

well as dramatic improvements in supercomputer processing speed

and memory. With the realization of the potential of forthcoming

supercomputers, much of the current CFD work will be expanded to

address more complex configurations, geometries, flight regimes,

and applications, while some of the existing work will become
components of more complex systems of solutions to problems of

modeling, grid generation, flow field solvers, and flow visuali-
zation. Thus, CFD will become an important aerospace design and

development tool requiring a high level of confidence.

To meet the required confidence level, the existing and

forthcoming CFD application codes must be verified and validated

with the best available experimental data. Because of the com-

plexity of the aerodynamic flows that will be routinely computed,

the experimental data base must be expanded to include not only

surface-measurable quantities, but also detailed measurements of

fluid and thermal parameters throughout the flow region of

interest. These focused experimental tests clearly require

detailed flow quantity measurements in addition to integral

checks. Also, the errors inherent in experimental testing must

be identified, understood, and minimized in order to produce the

high-quality, accurate benchmark data sets that are required for

validation of complex CFD applications codes and for use in

developing physical modeling data for complex flows.

NASA's Aeronautics Advisory Committee formed an Ad Hoc
Committee to review the CFD validation activities at three NASA

research centers in order to assess the current and planned

research programs. The Committee membership was selected from

the Aeronautics Advisory Committee and the ARTS (Aerospace

Research & Technology Subcommittee) and SSTAC (Space Systems

Technology Advisory Committee). The members and the Liaison

Representatives from each center are listed in Appendix A.

The specific charge to the Subcommittee is as follows:

I. Review the NASA Program at the three research centers.

The purpose of review is to

o Classify CFD research to identify and characterize
verification needs.

o Assess ongoing and planned CFD verification experi-
ments.

1



The scope includes application code development and
associated verification experiments in the following
areas:

o Internal and external aerodynamics across the speed

range.

o Combustion and chemical kinetics.

o Aerothermodynamics.

o Physical parameter modeling (e.g., turbulence,

transport properties, etc.)

Specific attention is to be given to requirements/needs

in areas of future applications for vehicle design and

development• Utilize results of the NRC study on CFD

capabilities where applicable.

• Identify concerns and recommend changes,
priate, in the following areas:

as appro-

o Scope, pace, and quality of experiments.

o Instrumentation adequacy/accuracy.

o Facility adequacy (flow quality).

o Criteria and techniques for using data to validate
CFD codes.

o Staffing adequacy.

The committee held five meetings, as follows:

23 September 1986 - General Dynamics, Fort Worth Division

13-14 November 1986 - NASA Langley Research Center, Virginia

8-9 January 1987 - NASA Ames Research Center, California

12-13 February 1987 - NASA Lewis Research Center, Ohio

19 March 1987 - NASA Headquarters, Washington DC

The first meeting in Fort Worth was held to interpret the

charter and formulate the approach to be followed when reviewing

the centers. As a result, a set of specific qu.estions were
developed to aid in assessing the validation progects. These

questions were supplied to each of the three Centers before the

committee's visit in order to focus the presentations on specific

issues of concern and to provide the committee with a consistent

2



basis for evaluating the validation projects.
is given in Appendix B for reference.

The question set

Reviews at each of the three NASA research centers consisted

of one day of presentations by center management and individual

researchers involved in CFD and related experimentation, followed

by a one-half day executive session in which the presented

material was reviewed to arrive at appropriate conclusions. The

executive sessions were attended by center management as their

schedules permitted.

From the outset, the committee was aware that time would not

permit an in-depth evaluation of each validation project. It was

thus decided that the assessment would be a top-level review of

the overall NASA activities in CFD validation, with attention

given to the specific elements given in the charge. The follow-

ing sections present the results of this assessment, including

specific conclusions and recommendations.

The Committee would like to express its appreciation to the

three NASA centers for their excellent response to the commit-

tee's inquiry. The outstanding effort made by the individual

presenters is a credit to NASA. Special thanks are given to each

liaison representative for coordinating the center visits and
contributing to the discussions.

7



2

CFD RELATED EXPERIMENTS

CFD has opened a new realm of capability for fluid dynami-

cists in that, for the first time in history, the intricate

features of complex flows can be computed. This unique capa-

bility in turn sets the stage for new levels of understanding of

fluid flows, once the researcher or designer is satisfied that

the code's numerical algorithms and physical parameter modeling
accurately represent the critical physics of the flow. This

confidence in CFD can only be gained by detailed comparisons with

experimental data of sufficient accuracy and detail to verify the

CFD capability.

In order to distinguish the unique characteristics of exper-

imental studies required for CFD validation, the committee has

developed the following definitions:

¢_D _ode Validation - Detailed surface-and-flow-field com-

parisons with experimental data to verify the code's ability

to accurately model the critical physics of the flow.
Validation can occur only when the accuracy and limitations

of the experimental data are known and thoroughly understood

and when the accuracy and limitations of the code's numeri-

cal algorithms, grid-density effects, and physical basis are

equally known and understood over a _anqe of specified

parameters.

CFD Validation Experiment - An experiment that is designed

to provide detailed building block data for developing and

validating CFD codes. This objective requires that the data

be taken in the form and detail consistent with CFD modeling

requirements and that the accuracy and limitations of the

experimental data be thoroughly understood and documented.

Validated CFD Code - A code whose accuracy and ranae of

validity has been determined by detailed comparison with CFD

validation experiments, so that it can be applied, without

calibration, directly to a geometry and flow condition of

engineering interest with a high degree of confidence.

CFD Code Calibration - The comparison of CFD code results

with experimental data for realistic geometries that are

similar to the ones of design interest, made in order to

provide a measure of the code's ability to predict specific

parameters that are of importance to the design objectives

without necessarily verifying that all the features of the

flow are correctly modeled.
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Calibration of analytical results has been the mainstay of

the Aerospace Industry. Because of past limitations and simpli-

fying assumptions inherent in calculations, the designer has

relied upon correlations with limited experimental data to gain
confidence in and provide correction factors for analytical

applications. Calibration continues to play an important role in

the application of CFD to engineering design, especially for less
mature codes that have not been fully validated.

Four categories of experimentation are recognized to be

intimately associated with the development of CFD capability:

A. Experiments designed to understand flow physics.

B. Experiments designed to develop physical models for CFD
codes.

C. Experiments designed to calibrate CFD codes.

D. Experiments designed to validate CFD codes.

All four categories of experiments are important and are neces-

sary to build a mature CFD capability. Validation experiments

should be only a part of total experimental focus of NASA and

should be formulated to provide specific data for validating CFD

codes.

5



3
CENTER REVIEWS

Many excellent experimental programs are being conducted at
Langley, Ames, and Lewis. Many of these experiments fall into
the four categories, A-D, listed in the previous section. It is
evident from the reviews that CFD validation is a relatively new

concept and that each center is attempting to meet the require-

ments primarily by merging ongoing testing with CFD code devel-

opment. A number of building-block experiments have been

initiated to provide requisite data for validation, and some

interesting projects are in progress. In many cases, however,

these are generic experiments. They are not closely coupled to

any code.

Because of the dearth of projects considered to be true CFD

validation efforts, the committee could not provide an in-depth

evaluation of the scope, pace, and quality of experiments or of

the staffing adequacy as given in the charter. Instead efforts

were directed toward defining the unique requirements that dis-

tinguish validation from other CFD-related experimentation.

A total of 45 projects were selected by NASA for review at

the three research centers. Although all of the projects were

presented as CFD-validation experiments, only a few were con-
sidered by the committee to be true validation experiments in

accordance with the definition given in the previous section.

The work presented covered a wide range of experimental and CFD

programs that seemed to be somewhat randomly selected from many

ongoing and planned NASA projects. Some had been in progress for

many years; others had been put together in an obvious attempt to

build support for future funding. Some projects were tied to

existing CFD codes, and some relied on codes yet to be developed.

In many cases, the relationship of the experiments to specific

CFD requirements was obscure. Some of the projects came close to

the requirements for validation and, with attention to CFD

details and/or experimental measurement requirements, could be

useful validation projects. A large number of the projects were

judged to be of the code calibration variety.

Each of the centers elected a slightly different approach

for the CFD validation review.

5anqley Research Center: Most of the projects that were

presented were ongoing and not initially designed as valida-
tion studies. The Committee recognizes that some building-

block experiments and more fundamental computational studies

relating to turbulence modeling and transition were not

presented. Therefore it was not possible to assess these as

possible validation projects. Three projects that might be

used as prototypes for CFD validation at subsonic, tran-
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sonic, and hypersonic speeds are the KJelgaard, Putnam and

Gnoffo studies, respectively. The codes to be validated

were clearly identified and the experiments were carefully
chosen. Some of the other projects had good elements, but

the coupling between the experiments and the codes was weak

or the definition of the validation experiments or code was

not well-defined. Many of these projects belonged to cate-

gories A-C.

Ames Research Center: The emphasis here is more on

building-block experiments and the understanding of some of

the basic flow physics, in particular, turbulence modeling.

The projects of Kim/Robinson, Brown/Horstman, Kussoy/

Horstman and Erickson/Hicks for low-speed, supersonic,

hypersonic and vortical flows, respectively, appear to be

among the promising validation studies. Questions of flow

unsteadiness, three-dimensionality, turbulence modeling at

high-speeds, and the validity of the Euler system for vor-
tex-dominated flows are to be addressed with these valida-

tion projects. There is considerable emphasis on direct

Navier-Stokes solvers and Large Eddy Simulation. At this

time, true validation of these codes depends upon increased

computer capability and/or experiments designed to cover the

very low Mach and Reynolds number range for which current

computations are possible. These current studies represent

numerical experiments to provide data for turbulence

modeling and are extremely valuable. The relation of the

Parabolized Navier-Stokes, Thin Layer Navier-Stokes, Turbu-

lence Averaged Navier-Stokes, and Direct Navier-Stokes

studies to similar projects at the other NASA centers should
be clarified. Closer coordination between centers could

further strengthen these validation requirements.

Lewis Research Center: The emphasis here is on averaged

Navier-Stokes methods for internal duct and turbomachinery

flows. Some excellent data bases are being developed from

the experimental programs. The projects of Strazisar and
Simoneau are particularly noteworthy. Almost all of the CFD

validation is focused on two codes (RCV3D and PROTEUS) and

both are only in the developmental stage. The user friendly

adaptability aspects of the PROTEUS code are potentially

very positive, but we were not provided with any details

concerning the code development and the range of applica-

bility for CFD validation. The relationship of RCV3D to

other TLNS codes was not provided and the coupling between

the tests and CFD was not clear. The time/space averaging

analysis presented by Adamczyk and the related experiments

by Hathaway represent a novel approach to develop a code for

multistage blade row interactions. Although this project

does not yet represent a CFD valldation study, it is one of

the few projects in which the tests are to play a role in

the modeling of the physics. Some of the important flow

physics associated with internal flows were not emphasized

7
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in the CFD validation studies presented during the review,

viz., transition, turbulence modeling, unsteady behavior.

With few exceptions, each center has targeted parabolized,

thin-layer, time-averaged, and direct Navier-Stokes code develop-
ment for their future validation studies. Inviscid and interac-

ting boundary layer codes were discussed for airfoil, propeller,

and rotor design and for vortical flows. Although they do not

model all of the flow physics associated with certain strong-

interaction and/or three-dimensional problems, they do model the

critical physics for many flows. Therefore, codes other than

averaged or full Navier-Stokes codes should still be validated

for some range of geometries and flow parameters. Emphasis on
this class of codes was minimal.

Although there has been some effort to coordinate the acti-

vities of the experimenters and the code developers, this

interaction is restricted by the limitations of the facilities,

physical models, and computers. Therefore, it is reasonable to

conclude that only a few of the projects presented during the

center reviews or to be proposed in future years can be suitable

for CFD validation. In this regard, in order to satisfy the

definition of code validation proposed by the committee, it is

necessary to match the capabilities of the codes with those of

the facilities, e.g., unsteadiness, three-dimensionality, transi-

tion, and turbulence modeling for separated, three-dimensional,

and high speed flows.

Some duplication for a given set of computations and experi-

mental measurement is desirable. It would allow for comparisons

of artificial viscosity, grid dependency of different codes,

different turbulence models, and different experimental techni-

ques. Closer coordination between centers could further streng-

then these validation requirements.

8



4

FACILITIES AND MEASUREMENTS

The Committee observed that CFD validation is severely
hampered in some areas by the lack of critical measurements

obtained under realistic conditions. The problem is particularly
critical at high Mach numbers where the viscous inviscid three-

dimensional problems are further complicated by real-gas effects,

but, many problems in the lower Mach number range which are also

not adequately covered.

To provide the basis for CFD validation, the experiments

must provide measurements, with adequate accuracy and resolution,

under conditions of Mach number, Reynolds numbers, noise, and

turbulence, which are representative of the conditions that CFD

will be used to predict. The a/AD_q_ of the experiments must

extend from simple basic ones to those covering conditions of

flight. They must be adequate to test CFD in a multi-dimensional

environment with redundant instruments, providing clear indica-

tions of what is needed to evaluate CFD's ability to predict

details as well as trends and to explore boundaries of the range
of application for specific codes or classes of codes.

At lower Mach numbers, subsonic facilities seem to be ade-

quate and the measurements are possible, but not usually avail-

able in sufficient detail or accuracy. At high Mach numbers, the

tunnels are much less capable of fully simulating Mach number,

Reynolds number, turbulence, real gas effects, combustion. The
realism of their simulation of flight is questionable for some

phenomenon such as transition and combustion. Direct links

between high-speed wind tunnels and flight are not usually avail-

able, although they are definitely within reach and are an impor-

tant connection in the test of CFD against real_stic flight

environments - the ultimate application of CFD. Specific instru-

mentation and facilities needed for the special measurements

required to validate codes must be developed when the state of

the art is inadequate. The phenomena of transition, turbulent

flows, unsteady flows, real gas effects, and "hot section" (com-

bustion) propulsion systems are all very important phenomena

where the facilities and measurements limit the ultimate applica-
tion, with confidence, of CFD techniques.

9
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CONCLUSIONS

I

I

I

i

Many excellent experimental programs are being conducted at

the NASA research centers. The programs are generally attacking
pertinent problems. However, only a few of the projects reviewed

were considered by the committee to be CFD-validation projects.
Further, adequate coordination among NASA centers was not
evidenced in the reviews.

CFD validation is a relatively new concept that requires

clearly defined and disciplined coupling between CFD and experi-

ments. The committee has proposed the following definition of

CFD validation, which emphasizes the computational and experi-

mental discipline required and distinguishes validation from

other experimentation related to CFD:

CFD Code Validation - Detailed surface- and flow-field

comparisons with experimental data to verify the code's

ability to accurately model the critical physics of the

flow. Validation can occur only when the accuracy and
limitations of the experimental data are known and

thoroughly understood and when the accuracy and limitations

of the code's numerical algorithms, grid-density effects,

and physical basis are equally known and understood over a

ranae of specified parameters.

The committee recognizes that four categories of experimen-

tation are required for developing CFD capability:

A. Experiments designed to understand flow physics.

B. Experiments designed to develop physical models for CFD
codes.

C. Experiments designed to calibrate CFD codes.

D. Experiments designed to validate CFD codes.

All four categories of tests are important and are necessary

to build a mature CFD capability. Validation tests should be

only a part of total test focus of NASA and should be formulated

to provide specific data for validating CFD codes.

CFD validation is severely hampered in some areas by the
lack of critical measurements under realistic conditions-

especially at high Mach numbers. Measurements must be taken with

adequate accuracy and resolution, and with redundant instruments,

in order to evaluate CFD's capability to predict details and

trends as well as to explore boundaries of application for

specific codes. Specific instrumentation and facilities need to

i0
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be developed when the state of the art is inadequate.

Equally important for validation is the mapping of the CFD
code's sensitivity to numerical algorithms, grid density, and

physical models. These effects must be known to the same degree
as the experimental accuracy and resolution in order to under-

stand the applicability of the code over a range of flow para-

meters.

ii
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RECOMMENDATIONS

It is recommended that

i• NASA classify its CFD related experiments into the above-

defined categories A, B, C, and D. The classification

provides a framework for future evaluation and allocation of
resources.

• NASA adopt a sharply defined program plan for CFD valida-

tion, consistent with the definitions proposed by the

Committee in this report. In particular,

o Projects falling under this program should be closely

coordinated and adequately funded•

o The limitations of the facilities, instrumentation,

proposed models, and codes should be clearly specified at

the onset of the projects, as should the critical data

set required and the range of validity of the modeling

assumptions.

o The questions of such phenomenon as unsteadiness, three-

dimensionality, transition, turbulence models, and the

applicability of inviscid/interacting-viscous/Navier-

Stokes models should influence the choices of experi-

ments, code development, and application.

o Duplication of experiments and code development should
involve several centers.

o A validated code should become a NASA or general code,

not merely the code of a given center.

• NASA pay careful attention to the instrumentation and faci-

lities required to provide data of adequate accuracy and in

the form and detail required for CFD validation. Close
coordination must be maintained between centers.

. NASA establish a Coordinating Board for CFD validation,

consisting of key project leaders from each of the three

NASA centers and chaired by NASA Headquarters. This board

should have responsibility for defining, coordinating, and

focusing the CFD validation effort.

12
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APPENDIX B
Q

CFD VALIDATION ACTIVITY QUESTIONS
v

Objective:

Scope:

CFD Drivers:

Experimental

Approach:

Assessment:

Staffing:

Pace:

o What are the specific objectives of the exper-
iment relative to the CFD code?

o What is the application being addresed by the
Code?

o Why was this code selected?

o What is the domain of validation?

o What experiments are required for validation?

o What are the physical modeling assumptions?

o What are the numerical modeling assumptions?

o What are the geometric/grid generation assump-
tions (degree of complexity)?

o What is the code's recognized limitation?

o What data are required to validate the codes?
o What data will be taken?

o What instrumentation will be used, is it ade-

quate for validation?

o What are the limitations of the instrumenta-
tion?

o What facilities are required?

o What facilities will actually be used?

o What are the facility limitations, range and
characteristics?

o How will you evaluate your results?
o What re the uncertainties?

o What is the criteria for measurement
success?

o

o

o

o

o

of

What is the manpower level

activity?
Who are the researchers?

assigned to this

What is the relative pace of the CFD and vali-

dation experiments?

What is the level of effort, $?

What is the schedule and important milestones?

14
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NASA CFD VALIDATION WORKSHOP
Ames Research Center

Space Science Auditorium, Bldg. 245

PROGRAM

Tuesday, July 14, 1987

7:15-8:15 a.m.

OPENING

8:30 a.m.

Registration and Distribution of Conference Materials:
Visitors Center and Bldg 245

Welcome

V. L. Peterson, NASA, Ames Research Center

8:40 a.m. Workshop Format
J. G. Marvin, NASA, Ames Research Center

8:45 a.m. NASA-Headquarters Remarks
R. A. Graves, NASA, Headquarters

AMES RESEARCH CENTER PRESENTATIONS

9:10 a.m.

9:35 a.m.

10:00 a.m.

I0:25 a.m.

I0:40 a.m.

11:00 a.m.

Status and Needs of CFD Code Validation

T. L. Holst, NASA, Ames Research Center

Experimental Fluid Dynamics. Part I - Brief Overview. Part

II - Flow Modeling and Verification Experiments - RF Division
J. G. Marvin, NASA, Ames Research Center

Flow Physics Experiments- RF Division
S, S. Davis, NASA, Ames Research Center

Break

Fighter-Like Vortical Flow Experiments - RA Division
L. L. Erickson, NASA, Ames Research Center

Hyper_onlcs Flow Code Validation Activity - Real Gas Flows -
RT Division

G. S. Deiwert, NASA, Ames Research Center

NASA, LANGLEY RESEARCH CENTER PRESENTATIONS

11:25 a.m. A Review of Transonic Code Validation Research Activities

P. J. Bobbitt, NASA, Langley Research Center

11:55 a.m. Low Speed Code Validation Activities
J. C. South, Jr., NASA, Langley Research Center

Lunch12:10 p.m.
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Ames Research Center

Space Science Auditorium, Bldg. 245

PROGRAM

Tuesday, July 14, 1987

NASA, LANGLEY RESEARCH CENTER PRESENTATIONS - (Continued)

1:25 p.m. High Speed Code Validation
R. W. Barnwell, NASA, Langley Research Center

1:45 p.m. Overview of Hypersonic CFD Validation Experiments

C. G. Miller, NASA, Langley Research Center

2:10 p.m. High Enthalpy Aerothermal Loads
A. R. Wieting, NASA, Langley Research Center

2:25 p.m. Validation of Computational Aeroelasticity
W. Whitlow, Jr., NASA, Langley Research Center

2:40 p.m. Break

NASA, LEWIS RESEARCH CENTER PRESENTATIONS

2:55 p.m. Overview of the Lewis Experimental Program
L. A. PovineUi, NASA, Lewis Research Center

3:15 p.m. 3-Dimensional Unsteady Flows in Multistage Turbomachinery
M. D. Hathaway, NASA, Lewis Research Center

3:35 p.m. Separation in Low Speed Duct Flows
B. H. Anderson, NASA, Lewis Research Center

3:55 p.m. Separation in High Speed Duet Flows
B. H. Anderson , NASA, Lewis Research Center

4:15 p.m. Heat Transfer in 3-D Flow Regions Generated by Intersecting
Surfaces

R. E. Gaugler, NASA, Lewis Research Center

4:35 p.m. Planar Ccmpressftfle Reacting Shem_ Layer Emphasizing Pressure
Wave - Shear Layer Interaction
E. Mularz, NASA, Lewis Research Center

OTHER GOVERNMENT LABORATORY PRESENTATIONS

AFMAL Efforts in Code Validation and Perspective on

Experiments
R. Neumann and M. Buck, AFWAL/FIMG

Social Hour - Cash Bar, Officers Club

Hors d'oeuvres

4:55 p.m.

6:00 p.m.
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PROGRAM

Wednesday, July 15, 1987

Bldg. 245

OTHER GOVERNMENT LABORATORY PRESENTATIONS (Continued)

8:00 a.m. Base Flow CFD Needs: BRL

C. J. Nietubicz, US Army Ballistics Research Lab

INDUSTRY PRESENTATIONS

8:15 a.m. Remarks on CFD Validation - A Boeing Perspective

I. E. Vas, Boeing Military Airplane Company

8:40 a.m. CFD Validation, Lockheed-Georgia
J. B. Malone, Lockheed-Georgia Co.

9:05 a.m. CFD Validation - McDonnell Douglas
A. Verhoff, McDonnell Aircraft Co.

9:30 a.m. General Dynamics Perapeetive on CFD Code Calibration/Valida-
tion

I. C. Bhateley, General Dynamics

9:55 a.m. CFD Validation Needs for Advanced Concepts - Northrop

M. W. George, Northrop Corporation

10:15 a.m. Break

10:30 a.m. Effects of transition on Steady and Unsteady Aerodynamics
L. Ericsson, Lockheed Missiles and Space Company

10:50 a.m.

11:15 a.m.

CFD Validation Experiments at UTRC
W. Patrick, United Technology Research Center

Allison Tu_ CFD Code Validation: Curt_nt Activities
and Future Needs

H. C. Mongia and R. Delaney, Allison Gas Turbine Division,
General Motors Corp.

11:40 a.m. Lunch
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Space Science Auditorium, Bldg. 245

PROGRAM

Wednesday, July 15, 1987
(Continued)

UNIVERSITY PRESENTATIONS

12:40 p.m.

1:05 p.m.

1:25 p.m.

1:45 p.m.

2:10 p.m.

Verifimtion of 3-D Viscous Turbulent Codes f_ Internal Flows

B. Lakshminarayana, Pennyslvania State University

University of Washington Experiments
F. B. Gessner, University of Washington

Comments on Useful vs. Unproductive CFD Validation Experiments
G. S. Settles, Penn State University

Requirements for CFD Validation Experiments
S. M. Bogdonoff, Princeton University

NASA/University of Virginia CFD Validation Program: Transverse
Jet in Combustor

J. G. McDaniel, University of Virginia

SMALL GROUP DISCUSSIONS

2:30 p.m. Instructions for Small Group Discussions
J. G. Marvin, Ames Research Center

2:45 p.m. Break

3:00- 5:30 p.m. Small Group Discussion (Various Locations to be Announced)

Thursday, July 16, 1987

SMALL GROUP DISCUSSIONS (Continued)

Various Locations

8:00 a.m. - 12 p.m.

12:00 p.m. Lunch

FEEDBACK SESSION AND DISCUSSION

Bldg 245

1:00-4:30 p.m. Group Spokesmen

30
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I - EXPERIMENTAL DATA ALREADY AVAILABLE AND COMPUTATIONS ALREADY DONE

A. Experimental Data Available

Kayser, L.D., "Surface Pressure Measurements on a Projectile Shape at
Mach 0.908," US Army Ballistic Research Laboratory, Aberdeen Proving
Ground, Maryland, ARBRL-MR-03079, February 1981. (AD A098589)

- Gives windward and leeward surface pressures on SOCBT, SOC bodies at M
= .908 and = = 0° 2.5 ° 5°

e Kayser, L.D. and Sturek, W.B., "Aerodynamic Performance of Projectiles
with Axisymmetric and Non-Axisymmetric Boattails," US Army Ballistic
Research Laboratory, Aberdeen Proving Ground, Maryland, ARBRL-MR-03022,
May 1981. (AD 86091)

- Gives surface pressures on triangular boattails at M = .91, 1.75, 2.0
and 3.N for _ = 2.5:.

t Sturek, W.B. and Reba, J., "Measurements of Wall Static Pressure on a

Yawed Tangent-Ogive-Cylinder Model," US Army Ballistic Research

Laboratory, Aberdeen Proving Ground, Maryland, ARBRL-MR-2699, November

1976. (AD A033275)

- Gives axial and circumferential static pressure measurements at M = 2,
3, 4 and m : 0° - I0 °.

Q Reklis, R.P. and Sturek, W.B., "Surface Pressure Measurements on Slender

Bodies at Angle of Attack in Supersonic Flow," US Army Ballistic Research

Laboratory, Aberdeen Proving Ground, Maryland, ARBRL-MR-02876, November

1978. (AD A064097)

- Gives axial static surface pressure at M : 2, 3, 4, _ : 0°, 1°, 2°, 4°,

6° 10° for four typical projectile configurations at @ = 0° + 180 °

a¢ = I0 °.

e Nietubicz, C.J. and Opalka, K.O., "Supersonic Wind Tunnel Measurements of
Static and Magnus Aerodynamic Coefficients For Projectile Shapes with
Tangent and Secant Ogive Noses," US Army Ballistic Research Laboratory,
Aberdeen Proving Ground, Maryland, ARBRL-MR-02991, February 1980. (AD
A083297 )

- Gives side force and Magnus moment at M = 2, 3, 4 for m = 4° - 12 ° ,
PD/V = n - .¢.

. Kayser, L.D. and Whiten F., "Surface Pressure Measurements on a
Boattailed Projectile Shape at Transonic Speeds," US Army Ballistic
Research Laboratory, Aberdeen Proving Ground, Maryland, ARBRL-MR-03161,
March 1982. (AD AI13520)

- Gives wall static pressure measurements at M = .91, .94, .96, .98,

1.18, 1.2 for _ = 0° - 10°, at a¢ = 22.5: increments.

2



e Nietubicz, C.J. and Nusca, M., "Transonic LDV Measurements for Blunted

Bodies of Revolution," unpublished data, US Army Ballistic Research

Laboratory, Aberdeen Proving Ground, Maryland, Memorandum Report to

appear in 1986.

- Provides velocity profiles at M = .91 and a = 0°, 4°, spin = O, 20000

rpm for a SOCBT configuration.

. Kayser, L.D., "Base Pressure Measurements on a Projectile Shape at Mach

Numbers from 0.91 to 1.20," US Army Ballistic Research Laboratory,

Aberdeen Proving Ground, Maryland, ARBRL-MR-03353, April 1984. (AD

A141341)

- Gives surface and base pressure measurements at M = .ql, .94, .96,

.98, 1.1, 1.2, for _ = 0o _ 10 ° , A@ = 22.5 ° for SOC and SOCBT

configurations.

. Danberg, J.E. and Tschirschnitz, R.H., "Measurements on a Projectile with

an Asymmetric Afterbody at Transonic Speeds," AIAA Paper No. 83-0545,

January 1983.

- Gives pressure measurements and velocity profiles at M =.94, .97
and m : 0 °, 4 ° for nonspinning projectile with triangular afterbody.

10. Kayser, L.D. and Danberg, J.E., "Experimental Study of Separation from

the Base of a Cone at Supersonic Speeds," AIAA Journal, Vol. 12, No. 11,

November 1974, pp. 1607-1609.

- Gives single profile for the base pressure of a cone with a sting

at M® = 3.0 and a = 0°.

11. Reklis, R.P., Danberg, J.E. and Inger, G.R., "Boundary Layer Flows on
Transonic Projectiles," AIAA Paper No. 79-1551, July 1979.

- Gives pressure and velocity profiles for projectile with conical

boattail at M = .8Q, .94, .97 and a = 0:, 2°.

12. Danberg, J.E. and Palko, K.L., "Measurement of Surface Pressures Caused

by a Projectile Rotating Band at Supersonic Speeds," US Army Ballistic

Research Laboratory, Aberdeen Proving Ground, Maryland, ARBRL Report

under preparation, April 1986.

- Gives pressure measurements at and near a rectangular rotating band of

a projectile at M = 2.5, 3.Q, 3.5 and _ = 0°

13. Kayser, L.D. and Sturek, W.B., "Experimental Measurements in the Turbu-

lent Boundary Layer of a Yawed Spinning Ogive-Cylinder Body of Revolution

at Mach 3.0 - Part II: Data Tabulation," US Army Ballistic Research

Laboratory, Aberdeen Proving Ground, Maryland, ARBRL-MR-02813, March

1978. (AD A053458)

- Gives velocity, temperature, density turbulent boundary layer profiles

at M = 3, for a = 0:, 2.1 °, 4.2 °, 5.3 °, 6.3:, spin = 0 and 20000 rpm.



14. Kayser, L.D. and Sturek, W.B., "Turbulent Boundary Layer Measurements on
the Boattail Section of a Yawed, Spinning Projectile Shape at Mach 3.0,"

US Army Ballistic Research Laboratory, Aberdeen Proving Ground, Maryland,

ARBRL-MR-02880, November 1978. (AD A065355)

- Gives surface pressure measurements at M = 3. for SOC and SOCBT

configurations at a = 0°, 2°. Also gives velocity profiles at M = 3, _ =

2° 4.2 ° _ = 2 x 104 rpm.

4



B. Relevant Non-BRL Experimental Data Available

15.

16.

17.

18.

Fin Data for KE Projectile

Agnone, A.M. and Zakkay, V. and Weinacht, P., "Hypersonic Flow Over a Six

Finned Configuration," AIAA Paper No. 85-0453, January 1985.

- Provides fin surface pressure and heat flux measurements for a six-fin

projectile at M = 6.3, = = 0°, 5°, 10° and ¢ = 0°, 15 °, 30°.

NOTE: The principal author indicated that these results are only

preliminary, however• the final results are expected to be reported in

August 1986.

The Aerodynamics of Guided Projectiles

Appich, W.H. and Wittmeyer, R.E., "Summer 1978 - Aerodynamic Simulation
Model Update: Full Scale Model Data XM-939," Martin Marietta

Corporation• Report No. ANA 960000-010, September 1978.

- Provides wind tunnel force and moment data for the Copperhead projec-

tile in the Mach range M = 0.5 - 1.8, a = Qo _ 2_o, 6 = _2_o to 20°

Force Measurements for Large L/D Projectiles with Conical Flare

Spring, D.J., "The Static Stability Characteristics of Several Cone-

Cylinder-Flare-Cylinder Configurations at Mach Numbers 0.4 to 4.5," US

Army Missile Command, Redstone Arsenal Report• RF-TR-63-14, June 1963.

- Provides force and moment measurements for large L/D (8.6 - 15.3), and

small flare semi-cone angles (O° 4° , 6° 8° ,, , ) for Mach numbers 0.4 -

4.5, a = -6° to +6°.

Large An_le of Attack Body-Vortices Measurements for Large L/D Bodies

Oberkampf, W.L. and Barrel,

Characteristics in Supersonic

November 1980, pp. 1289-1297.

"Symmetric body Vortex Wake
AIAA Journal, Vol. 18, No. 11,

- Provides center of wakes (body vortices) for a projectile at M = 1.95,

2.0, 3.01 at = = 10°, 15_, 20 °, 25 ° .

NOTE: Data tabulation provides u,v,w velocity components throughout the
_field. Data are available from author.

5



Bod%-Win_-Tail Force Data

19. Gomillion, G.R., "A Compilation of Static Stability and Fin Loads Data

for Slender Body Missile Models with and without Tail Fins and Wings -

Vol. 1," AEOC-TR-75-125 and AFATL-TR-76-23, March 1976.

- Provides force measurements for body alone, body-wing, and body-wing-

tail configurations in the Mach range of 0.2 to 4.63 and a from -6° to

+60 ° .

Base Bleed

19a. Agrell, J. and White, R.A., "An Experimental Investigation of Supersonic

Axisymmetric Flow Over Boattails Containing a Centered Propulsive Jet,"

FAA Technical Note AU-913, 1974.

- Provides base and boattail pressure data in the Mach range M = 2.01,

3.27, a = 0° with Mj = 2.5 .

19b. Petrie, H.L. and Walker B.J., "Comparison of Experiment and Computation

for a Missile Base Region Flowfield with a Centered Propulsive Jet," AIAA

Paper No. 85-1618, July 1985.

- Provides base pressure and wake velocity vectors for a single case

with M® : 1.4, Mj : 2.7, _ : 0°.

Aerodynamics of Sharp and Blunted Bodies

19c. Gray, W.K. and Dolling, F)°S., "An Experimental Investigation of Tip

Bluntness Effects on the Turbulent Compressible Boundary Layer on

Axisymmetric Body," Princeton University Report, Mechanical and Aerospace

Engineering Department, Princeton, NJ 08544, May 1981.

- Provides boundary layer pressure profiles and longitudinal surface
pressures at M : 2.94 and a = 0°, 2-9 ° for tangent ogive-cylinder
configuration with six different nose bluntness.

6



C. Computations Already Performed

20. Sturek, W.B. and Schiff, L.B., "Computations of the Magnus Effect for

Slender Bodies in Supersonic Flow," US Army Ballistic Research Labora-

tory, Aberdeen Proving Ground, Maryland, ARBRL-TR-02384, December 1981.

(AD AIIOOI6)

- PNS calculations for spinning cone, ogive cylinder, for a < 6°, M = 3,
= 333 - 500 RPS.

21. Nietubicz, C.J., Danberg, J.E. and Inger, G.R., "A Theoretical and Exper-

imental Investigation of a Transonic Projectile Flow Field," US Army

Ballistic Research Laboratory, Aberdeen Proving Ground, Maryland, ARBRL-

MR-03291, July 1983. (AD A131938)

N-S calculations, at a = 0° M = .97 for a SOCBT Also provides

experimental data, at the same conditions, for surface pressures and

velocity profiles.

22. Sturek, W.B., Kayser, L.D., Mylin, D.C. and Hudgins, H., "Computational

Modeling of Aerodynamic Heating for XM797 Nose Cap Configurations," US

Army Ballistic Research Laboratory, Aberdeen Proving Ground, Maryland,
ARBRL-TR-02523, September 1983. (AD A133684)

- Unsteady temperature response using shape-change code.

23. Weinacht, P., Sturek, W.B. and Wooden, P.A., "Computational Study of

Inbore and Inflight Heating for the 105mm, M774 Projectile Modified Swept

Fin," US Army Ballistic Research Laboratory, Aberdeen Proving Ground,

Maryland, ARBRL-MR-03377, August 1984. (AD A146568)

- 2-D unsteady heat transfer computation for V® = 5000 ft/sec for 2.Q
seconds.

24. Sahu, J. and Nietubicz, C.J., "Numerical Computation of Base Flow for a

Missile in the Presence of a Centered Jet," ARBRL-MR-3397, October

1984. (AD A148784)

- N-S calculations (axisymmetric) at M = 1.343, m = 0°, jet on and off.

25. Weinacht, P. Guidos, B..]., Kayser, L.D. and Sturek, W.I_., "PNS Com-

putations for Spinning and Fin-Stabilized Projectiles at Supersonic

Velocities," US Army Ballistic Research Laboratory, Aberdeen Proving

Ground, Maryland, ARBRL-MR-3464, September 1985. (AD A160393)

- PNS computations, 3D, at M = 3 - 5, m : 2° for finned projectile and

SOCBT, at PD/V = O, 0.19 .

26. Sahu, J. and Nietubicz, C.J., "Numerical Flow Field Calculations for a

Missile Configuration at M = .6," US Army Ballistic Research Laboratory,

Aberdeen Proving Ground, Maryland, ARBRL-MR-3491, January 1986.

- Thin layer N-S (axisymmetric) computations at M = .6, a = 0°.

7



27.

28.

29.

30.

31.

32.

33.

34.

Weinacht, P., Guidos, B.J., Sturek, W.B. and Hodes, B.A., "PNS

Computations for Spinning Shell at Moderate Angles of Attack and for Long

L/D Finned Projectiles," AIAA Paper No. 85-0273, January 1985.

- 3D, PNS computations for a spinning SOCBT (M : 3., = : 6.3 °, PD/V =

0.0, 0.19) and nonspinning long L/D, finned projectile (M = 4., _ = 2°,

L/D = 12.5, 6-fins)

Sturek, W.B., Guidos, B.J. and Nietubicz, C.J., "Computational Study of

Nose Bluntness Effects for Spinning Shell at Supersonic Speeds," Journal

of Spacecraft and Rockets, Vol. 21, No. 1, January-February 1984, pp. 161"

20. (Also AIAA Paper 82-1341)

- 3D, thin layer N-S calculations for blunt and sharp nose, spinning,

SOCBT projectile body. PNS calculations are coupled to blunt nose

computations to yield solutions at M = 3., a : 2° PD/V = .19

Sahu, J. and Nietubicz, C.J., "Numerical Computation of Base Flow for a

Projectile at Transonic Speeds," AIAA Paper No. 82-1358, August 1982.

-Axisymmetric N-S computations for a nonspinning projectile at m = 0°

and for Mach numbers n.9, 0.06, 0.98, i.I, 1.2 .

Sahu, J. and Danberg, J.E., "Navier-Stokes Computations of Axisymmetric
Transonic Flows with a Two-Equation Model of Turbulence," AIAA Paper No.
85-0373, January 1985.

- Axisymmetric N-S computations for a nonspinning projectile at _ : 0°, M

= .94 and for a projectile with a bump (rotating band) at M = .875, _ =
O: .

Sahu, J. "Computations of Supersonic Flow Over a Missile Afterbody

Containing an Exhaust Jet," AIAA Paper No. 85-1815, August 1985.

- Axisymmetric N-S computations for boattailed projectile at M = 2.0,

Mje t = 2.5 and nozzle static pressure ratios of 1.0, 3.0 and 9.0, m = 0°.

Sahu, J., Nietubicz, C.J. and Steger, J.L., "Navier-Stokes Computations

of Projectile Base Flow with and without Mass Injection," AIAA Journal,

Vol. 23, rlo. 9, September 1985, pp. 1348-1355.

- Axisymmetric N-S computations for projectile with mass injection at M =

0.9, 0.98, 1.1, 1.2, m = 0°, for injection parameters of I = 0.(_, 0.13 .

Sahu, J., "Supersonic Flow Over Cylindrical Afterbodies with Base Bleed,"

AIAA Paper No. 86-(1487, January 1986.

- Axisymmetric N-S computations for projectiles with square boattail,

at m = O: M = 1 7, 2.5, with injection parameter I = .{)1, .(12

Nietubicz, C.J., Pulliam, T.H. and Steger, J.L., "Numerical Solution of

the Azimuthal Invariant Thin Layer Navier-Stokes Equations," AIAA

Journal, Vol. 18, No. 12, December 1980, pp. 1411-1412.



35.

36.

37.

38.

39.

40.

41.

- Axisymmetric N-S computations for a spinning projectile at M : .95,

PD/V = 0.11, a = 0°.

Nietubicz, C.J., "Navier-Stokes Computations for Conventional and Hollow

Projectile Shapes at Transonic Velocities," AIAA Paper No. 81-1262, June

1981. (Also as ARBRL-MR-03184) (AD Al16866)

- 3D N-S computations for a SOCBT configuration at M = .8, .94, .96, 1.1

for a = 0°, 2°; and for ring-airfoil projectile at M = .4, .7, .8, .9

and a = 0° .

Nietubicz, C.J., Sturek, W.B. and Heavey, K.R., "Computations of

Projectile Magnus Effect at Transonic Velocities," AIAA Journal, Vol. 23,

No. 7, July 1985, pp. 998-1004.

-3D N-S computations for a SOCBT configuration, at M = .91, a =2 ° , PD/V =

0.39 .

Nietubicz, C.J. and Danberg, J.E., "Theoretical and Experimental

Investigation of a Transonic Projectile Flow Field," AIAA Journal, Vol.

22, No. 1, January 1984, pp. 35-41.

- Axisymmetric N-S computations at M = .94, .97 for a SOCBT configur-
ation, _ = 0°.

Nietubicz, C.J., Mylin, D.C., Sahu, J. and Lafarge, R., "Aerodynamic
Coefficient Predictions for a Projectile Configuration at Transonic

Speeds," AIAA Paper No. 84-0326, January 1984.

- 3D N-S computations for the 549 projectile at M = .9, .95, .98 and _ =

2 ° .

Sturek, W.B., Kayser, L.D. and Mylin, D.C., "Boundary-Layer Trip

Effectiveness and Computations for Aerodynamic Heating for XM797 Nose-Tip

Configuration," US Army Ballistic Research Laboratory, Aberdeen Proving
Ground, Maryland, ARBRL-MR-03262, April 1983 (AD A127454)

- Gives temperature history for nose tip configurations at Mach 4.4 .

Sturek, W.B. et al, "Computations of Magnus Effects for a Yawed Spinning
Body of Revolution," AIAA Journal, Vol. 16, No. 7, July 1978, pp. 687-
692.

- Combined 30 boundary layer and inviscid calculation for a SOC body at M

= 3, a : 2°, 4° at spin rate of 2Q,000-3Q,000 rpm.

Sturek, W.B., Mylin, D.C. and Bush, C.C., "Computational Parametric Study

of the Aerodynamics of Spinning Slender Bodies at Supersonic Speeds,"

AIAA Paper No. 80-1586R.

- Combined 30 boundary layer and inviscid calculation to yield the flow

field for SOC and cone-cylinder at M = 1.7 to 5.0, _ = 0°, 1°; PD/V =

.19 .



42. Sturek, W.B. and Schiff, L.B., "Numerical Simulation of Steady Supersonic

Flow over Spinning Bodies of Revolution," AIAA Journal, Vol. 20, No. 12,

December 1982, pp. 1724-1731.

- PNS computation for ogive-cylinder with and without boattail, at M =

3.(],_ = 2°, 6.3 ° and 10.4 ° , spin : 20,0(]0 rpm .
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VERIFICATI0:':OF 3D VIer_''eIT'o_uuQ1_ur;_''1'_Tu;_i_

CODES FOR I_ITERNALFLOWS

B. LAKSHMINARAYANA

DEPARTMENT OF AEROSPACE ENGINEERING

THE PENNSYLVANIA STATE UNIVERSITY

/ J

N92- 79949

| SPACE MARCHINGTECHNIQUE

A. COMPRESSIBLE FLow

B, INCOMPRESSIBLEFLOW

C. VALIDATION FOR INTERNAL FLOW

• CASCADES BLADE _'JENBWALL FLOWS

• B_CTS

• W_NG (33)

, 900 BEND

' ROTATING CHANNEL -,

! NEW PAR#30LICMARCHINGTECH_IIQUE

' METHOD

. VALIDATION CASCADE WAKES, IGV PASSAGE FLOW

! PSEUDOCOMRRESSIBILITY CODE

. METHOD DUE TO KWAK/MODI F ICAT IONS

. VALI_)ATIOBI OF PSU ROT3_ DATA

| COMPARISONOF TIE Y_P,C_I._;G/SP[.CEghRCHI_G CODES

, COMPARISON FOR CASCADE ENDWALL FLOW

1 ZONAL TECHNIQUE

. 2D AND 3D
J

' PRELIMINARY RESULTS

6. C0r!CLUSI0_IS,
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SOLUTION TECHNIQt_E

Mean flow equations and two-equation turbulence model
(motiVed LN-S_D code',- so]_-ed using Euler implicit _olu_ion

tech_-,_que _Beam and WarmingBriley and McDonald factor_zarion)

1. Mean flow equations solved at current time-step
using eddy viscosiD" results from previous step

2. Two-equation turbulence model solved at current
time.step using current aean flow results

3. Variable coe.=i, cient computed at current time-

step usi_ c,.trrent mean and turbulence -kinetic

?

v
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BOUNDARY LAYER PROFILES ON SUCTION SURFACE. tO"= 0._
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BOUNDARY LAYER PROFILES ON PRESSURE SURFACE, f-0.50
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RADIAL VELOCITY ON SUCTION SlbT,,FACE, _ = 0.50
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ZONAL EQUATION METHOD ALGORITHM

PARABOLIC ZONE

ZONE [

BUFFER ZONE
f

SOLVE EN'IIRE FIELD ELI_PTICALLY [TO PARTIAL _ABOI_'T 10%_ CONVERI;ENCE

,_ .

1"
SOLVE ELLIPTIC ZONE USING INITIAL

AND BOUNDARY CONDITIONS FROM PARTIAL
CONVERGENCE SOLUTION AND FROM

PARABOLIC ZONE SOLUTION

t
SOLVE REMAINING PARABOLIC ZONES

UTILIZING INITIAL AND BOUNDARY

CONDITIONS FROM EI.LIPTIC ZONE

.,f ,op 
IOPERATE ON BUFFER

[ IF DESIRED l



NASA CFD VALIDATIONMEETI_IG

ISS:{ETOPICS FOR INTERNALFLOWS

AF_._IZY,.'?,B_jCSAND HEAT TRANSFER

. UNIFORM ENTRY FLOW

' Now UNIFORM ENTRY FLOW

' WHAT Do WE HAVE/WHAT Do WE NEED?

, P_EACTI_G/E_ILIIII_Ztl_ FIL_w

. Low/HI GH TEMPERATU'_E

' DATA REQUIREMENTS

, MEASUREMENT TECHNIQUE L2F/LDV/CARS

_MODELS

• CURVED _]UCT

• ROTATING DUCT

' NEW MODELS TO SIMULATE JET ENGINE REAL FLOWS

CORNER FLOWShlINGBODY COMBINATION

• LOW/HIGH SPEED DATA

' FLOW VISUALIZATION

, LDV/L2F MEASUREMENTS



TURBOI AC41..';ERY(COMPRESSORS" AND TURBINES)

• T_s_TZcz_

- _ _'I:E(ZIZLIEFI_QW :BI ISOLATED ROTOR PASSAGES (HIGH SPEED/

Low S_E_}

• TIP CLEARANCE/END !IALL DATA IN ROTORS

, MULTISTAGE COMPRESSOR/TURBINE DATA

, DATA FROM HIGH TEMP, TURBINES/COOLING EFFECTS

T_P2_LEr;CE EC]ELL.r_E

. CURVATURE AND ROTATION EFFECI'S

, HEAT TRANSFER/HIGH TEMPERATURE EFFECTS

, FREESTREAM TURBULENCE (I) IN MULTISTAGE ENVIRONMENT

• COOLING/JET IMPINGEMENT EFFECTS
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SURFACE SHEAR •
GAGES AND HEATING 5
STRIPS WILL BE
MOUNTED IN SIMILAR
LOCATIONS

Figure 2.6.22-3

0.50 C x

ex---J "' :1,I
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8 1
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12 13 60595
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(O) SPF.CIM.IZZI) I3SI"]_?J_XOI ¢JBCJ_][OM: Bish frequency
respoase i=s_=¢a¢i¢R_llbe locaCedarmmd the airfoil
profiles to eusure s_ffic£eu¢ coverage exisCs in cbe areas of
interest.
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Nxl O0 0 0 DO

Nl2 O0 0 O0

R_ 00 DO

_'2 DO
A,3 DO CO

_'4 CO

Figure 2.4.22-4

O : DATA TAKEN AT DESIGN POINT O DATA AT DESIGN POINT

Wc : COOLING FLOW O . DATA AT PART POWER 130

T : TURBULENCE INTENSITY COOLING FAN 60596
TURBULENCE INTENSITY

UNCLASSIFIED

(O) EXPERIHENTAL PROGRAMTEST MATRIX: Data will be obtained from
surface instrumentation and survey probes at various cooling flow !levels, turbulence levels and operating points.

ASSIFIED
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HEATEDCURVEDDUCTE×PE,RIMENT

WORKING SECTION GEOMETRY SPECIFICATIONS:

' CROSS SECTIONAL AREA: - 8n X 8"

, DUCT CENTERLINE RADIUS OF CURVATURE: - 12"

, INNER WALL RADIUS OF CURVATURE: - 8 n

OUTER WALL RADIUS OF CURVATURE: - 15"

, TURNING ANGLE: - 900

(FOLLOWED BY 1 FT, STRAIGHT SECTION)

, MEASUREMENT LOCATIONS SPACED AT 22.50

(AROUND CURVATURE OF DUCT)

- SLOTS FOR HOT WIRE PROBE ACCESS AND TO ACCOMMODATE

A LDV QUARTZ WINDOW

- 20 STATIC PRESSURE, SKIN FRICTION AND WALL TEMPERATURE

MEASUREMENTS (FIVE PER WALL) AT EACH MEASUREMENT

LOCATION



- 3D INVISCID/VISCID FLOW IN TURBINE NOZZLES & ROTORS

INCLUDI._G _ALL FLUS.BLADE BOUNDARY LAYERS & WAKES

- ROTORISTAT_ I_CTION ( 2 mpacingt ) IN TURBINES

- unsteady pressure/shear stress/transition
on rotor bladee

- unsteady flow field in rotors

- unsteady blade boundary layers

- nozzle wake tran.port

- 3D VISCOUS FLOW MEASUREMENT IN MULTI STAGE COMPRESSORS

- steady/unsteady flow in 2nd and 3rd stages

- rotor/stator interaction

- annulus & hub wall boundary layer development

- THERMAL DRIVEN SECONDARY FLOW IN A 90 DEG. DUCT

- LDV/hot wire flow measurement

- optical flow visualization



- 3D BOUNDARY LAYER/HORSE SHOE VORTEX DEVELOPMENT

3D SEPARATION IN NOZZLE ENDWALL

- WALL-CYLINDER INTERACTION REGIONS

- 3D VISCOUS FL(Y_ IN SINGLE STAGE COF&=RESSOR

WITH CDA/E3 _LADES

- LDV MEASUR_ENT OF 3D VISCOUS FLOW.
IN CENTRIFUGAL COMPRESSORS

- TIP CLEARANCE EFFECTS IN

TURBINE ROTORS

- WALL CYLINDER INTERACTION REGIONS
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RESEARCH ON COMPLEX TURBULENT FLOWS AT THE UW

(OVERALL EFFORT)

• Development of a pressure-strain model, an algebraic stress model,

and wall functions appropriate for flows with spanwise variations

in the local wall shear stress (streamwise corner flows, flows with

embedded vortices, etc.)

• Development of a hot-wlre measurement technique for determining the

local mean velocity (3 components) and Reynolds stresses (6 components)

in a complex flow when the local mean velocity is arbitrarily skewed

in pitch and yaw relative to the probe body

Experiments on supersonic and subsonic turbulent flow development in

a square duct (supersonic work formerly funded by NASA-Ames; subsonic

work formerly funded by NSF)

• Experiments on flow about a strut-endwall (wing-body) configuration

(funded by NASA-Lewis)

• Experiments on flow within a transition duct (funded by NASA-Lewis)

• Experiments on co-flowing annular jets with swirl (funded by AFOSR)
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o 20_ 0
0 -- 13

• 0

0
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0
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0

O- WALL STATIC PRESSURE

I I I

0 0.2 0.4
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0.6

Pt/Pt,i
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TOTAL PRESSURE PROFILES
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RESULTANT TRANSVERSE MEAN VELOCITY PATTERN AT MAXIMUM

AIRFOIL THICKNESS (x/c = 0.3)
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CONVENTIONAL WALL FUNCTIONS

u-- !ln YU* + C
U, < v

k 1
-- =-- <=0.4

L

u2 c_ c-- 5.1 to 5.5
c = 0.09
p

first mesh line
\

Y_////////////////////////
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2y/h

/
hot-wire data

pitot-probe data

U/Ucl

0.995

0.12

0

0.05

U,/Ucl

O. 04

0.95

0.9

0.03 t t

0 0.5 1.0

2z/h

AXIAL MEAN VELOCITY CONTOURS AND SPANWISE

WALL SHEAR STRESS BEHAVIOR (x/c -- 3.3)
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TURBULENT SHEAR STRESS CONSIDERATIONS

Eddy viscosity model

uv " -_t _y

-- 3U

uw = -Bt _z

Two-equation (k-e) model

-- k23U

uv = -%_ 3y

-- k23U

uw - -c_E _z

where

_t = (_p D) 2[_[

= Prandtl's length
P scale

D = van Driest's

damping factor

= mean vorticity

c - prescribed coeff.

k - turbulence kinetic

energy

e = dissipation rate

Observation: Since __ and c k2/¢ are positive in sign,

_-v and t_U/_y _must be of opposite sign

for compatibility. Similarly, _ and

_U/_z must also be of oDvosite sign.
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SUMMARY OF RESULTS

On the basis of the strut-endwall experiments which have been

conducted to date, the following conclusions can be drawn:

lo For incompressible flow conditions, additional vortices

develop downstream of the leading edge in the vicinity

of the midplane (2y/h = i) which co-exist with the horse-

shoe vortices formed by local flow separation upstream

of the strut leading edge.

. These additional vortices are driven by transverse static

pressure gradients near the airfoil surface which exist

when the surface boundary layer is turbulent.

. Within the wake region downstream of the trailing edge,

"pockets" of flow exist which cannot be described by

conventional eddy viscosity models.

• It may not be possible to model the near-wall behavior

of k and e accurately by means of conventional (two-

dimensional) wall functions. Extended wall functions

which account for spanwise variations in the local wall

shear stress are likely to be more realistic.
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REQUIREMENTS FOR CFD

VALIDATION EXPERIMENTS

Io COMBINED Experiments and
Computations

II. Duplication of Key Experiments
and Computations

III. Clearly Defined Physics and
Modeling

Sensitivity Studies

VO Range

Validation re REAL Conditions



Ill COMBINED Experiments and
Computations

No computation without
experiment

Experiments designed with
computation

• Physics, modeling,
measurements, resolution,

accuracy



II. Duplication of Key Experiments
and Computations

Very few, if any, experiments
are absolute

Test conditions not Totally
defined
Scale

Must verify that results are
independent of specific test
apparatus
Computations - not necessarily
transportable
Different machine character-

istics - sensitivity to input
conditions

V



III. Clearly Defined Physics and
Modeling

What is key element to be
examined

Will test program provide
adequate data to evaluate
computation
Is test critical for the model



Sensitivity Studies

Will the variables examined

make any difference?

Will the range of parameter

variations provide clear trends

Identify the parameters and

variables which are most

critical

Usual grid studies - need

physics- turbulence models,

chemical kinetics models, etc.



VO Range

No single point test, no matter
how detailed, is adequate for
validation
Need multi dimensional

matrix - defined by problem -
application - explore
boundaries of solutions

M, Re, Tw/T o, Chemical

Kinetics, scale, etc.



v

Validation re REAL Conditions

Direct connection of

experiments and computation
to Real problem - flight-
internal flow conditions
Limitation to current W.T.
facilities

High M. flight experiments
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A NASA/UNIVERSITY OF VIRGINIA CFD VALIDATION PROGRAM"

TRANSVERSE INJECTION IN A SUPERSONIC COMBUSTOR

DR. JAMES C. MCDANIEL

DEPARTMENT OF MECHANICAL AND AEROSPACE ENGINEERING

UNIVERSITY OF VIRGINIA

NASA GRANTS" NAG-I-373, NAG-I-795

HYPERSONIC PROPULSION BRANCH, LRC

DR. G. B. NORTHAM, TECHNICAL MONITOR



OVERVIEW

INTRODUCr ION

• AIRFRAME-INTEGRATED SCRAMJET

• BUILDING-BLOC_ CFD VALIDATION OF SUPERSONIC ODMBUSTOR

• TRANSVERSE INJECTION FLOWFIELD

3-D MIXING WITHOUT REACTION (NAG-I-373)

• SHADOWGRAPH/FLUORESCF_CE VISUALIZATION

• QUANTITATIVE LASER-INDUCF2} IODINE FLUORESCENCE (LIIF)

MEASUREMENTS

• CFD COMPARISONS

3-D MIXING AND REACTION (NAC-I-795)

• HIGH-_LUTION LIF TECHNIQUE: MINOR SPECIE MEASUREMENT

• FLAT-FLAME CALIBRATION EXPERIMF/NT

• UVA SUPERSONIC COMBUSTION FACILITY

• H2/AIR REACrING FLOW'FIELD CALCULATION

SUMMARY
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Computed contours

(dens ity)

Bow shock location

(shodow groph)

I

Bow shock

Y = YCL"

location in the X-Z plane at



Z
0
b=,
<
0
0
,=1

0
0
l
60

_5

>
rr
<
0
Z

0
rn

W

D
,J
8=.

0
0

,5
Ii

Cl
>.

0
I-,
0
ILl
,--j
Z
m

0
ILl

i-'

0

0

0
inl

G.
w
l-
eD

0

0 uO

/

u_

_ 0 _

_ _ o _
O _ _ _ 0

zzoo
3300

, 0 0 I I

40 I
I

I ' I ' ! '

-0_

uO

- I

I

I

uP _ 04

(sa-_,s_vlo13r)o/z

- I

- I

0

I-- -
w

r_
Z
0
0
w,
(/'J!

a

x

I--
w

I--

n,,,"



>=
vr
<(
a
Z
D
0
00

0

<_

NJ
Z
NJ

Z
<(

©
W
==3
Z

0

m

I--

O
W
"3

Z
R

0
W

I-

0
Z_
Cl

0
W
n
n
W

00

\

m

n,-
0

W

Z

a
Z
0

ILl

I T T I
_0 u_) _ _ t'4

(S_13.L3_VlCl .l.3r) Cl/Z

0

00

i.o

cr_
r_
I.dS .-
I,I

_ 0 I_ _"

00

-_0

-('4

I--
I,I

X



PARAMETRIC EQUATION

z/dj = (Qr)Plln(P2(x/dj + P3))

The parametric values are listed below for each configuration discussed in

with the applicable mean square error, e_.

Configuration # Cases P1 P2 P3 _

Constant area,

single jet,

y/dj=0

Stepped duct,

single injector,

y/d j=0

Stepped duct,
staged injectors;

v/dj=O

First stage

(0 • x/dj • 6.4)
Second stage

(x/dj > 6.4)

v/dj=l.024

First stage

Second stage

y/d j=2.56

First stage
Second stage

741 0.5235 2.816 6.726 0.032

434 0.3880 4.204 3.196 0.038

179 0.3516 5.973 1.968 0.013

426 0.4272 66.71 -5.886 0.024

123 0.5011 5.796 1.783 0.013

263 0.4064 50.19 -5.752 0.022

191 0.7611 1.453 2.861 0.031

193 0.7603 5.997 -3.565 0.310
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100%
9

Jet spreading

Z = Z_W- d.

in the X-Y plane at

=
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SUMMARY

• PROGRAM OBJECTIVE: BUILDING-BLOCK CFD VALIDATION OF SUPERSONIC

COMBUSTOR, WITHOUT AND WITH REACTION

• 3-D MIXING WITHOUT REACTION MEASURED USING SHADOWGRAPH AND

FLUORESCENCE VISUALIZATION PLUS QUANTITATIVE LIIF. MEASUREMENTS
AND CFD VALIDATION IN PROGRESS.

• 3-D MIXING AND REACTION TO BE MEASURF_/) USING A UNIQUE, COMBINED
LIF/RAMAN TECHNIQUE IN A HIGH-TEMPERATURE. CLEAN-AIR SUPERSONIC
COMBUSTION FACILITY UNDER CONSTRUCTION AT UVA. FLAT-FLAME

EXPERIMENT IN PROGRESS, COMBUSTION FACILITY OPERATIONAL NEXT

SUMMER. GLOBAL FINITE-RATE CFD SOLUTION AVAILABLE FOR VALIDATION.



a
t_
0

13.

0
0

m

m

0

UJ

0
0

(3
m

I.U
0
El

.¢

LU

m

0
1.1.1
n

n-
Ill
n

_'_92" 7095 3

L_

n

¢¢.

ui

m

n



UJ

m

O

O

.<

line

..I
<

1.1.
O

mllEm

(n
!-
I1.
uJ
o

O
(J

_)
m

(n
<C
rn

O

ILl

.<
U.
O
(/)
n-
.<
UJ
>.
>.
..I

<
UJ

uJ
-r

Z "
m

Z
rr
uJ
O
Z
O
O
(/)

O
m

<
>
rr
.,,,;
(n_2
mO
Oo

O

m

-r-

O
i'1-

I.U
2:
I-
UJ

<
n-
uJ
..I
ILl

.<

wO
;[0

nl z
illn_

..lff)

Ou,
_Z
____1

0

,tr
<
n-
(J
rr-
m

.<
i-
n-
O
a.
(n

.<
rr
I-
O
!--

.<

uJ
-.I
UJ
n-
(/)
uJ
mmm

12:
O
O
I.IJ

,<
O

O
.-I
I.I.

O



0
m

ram,

u_
0

m,m

MJ
0

0
m

m

ul

0
0

m

0

MJ

m

0

MU

0
0

m

0



8

8

(.'3



,o

o

I

Z
0
0



8

0
.<



m

<

a.z

9_
I-<
_n-

m
LI.I m



I,I,I

O0

Z

0 0 0 0 0



8

iz

_I_ _I 0 0 0 0 0
_..j
O0
OIL.



"0
<0

on,

u_
m

W

.j-

Z

0
W
rr

_o

OZ
I

_eS_
_O0

i

O0 • O •

i

J!

;I

:1
i|

,|
,|

.!
ffl

ul

<

m

<
0

0
ll_

0

..l
<

t3
W
Ill
Z

I--

W
N

Z

0
0
W
n-

I'-"
Z
U.I
>
U.I

I.U
I-
.<
n-
1.1.1

u.I
0
0
<
z
.<
0
!--

-r

u)
0
Z
m

2:

UJ
(n
0
2=
I"-

0





O0

Z
LU
:S
m

CC
LU
O=
X
W

0

8

0 0 0 0



0
m

0
c/)

c/)
LI.

O<
!.- rr.

m

U.I

Lull::
a:o

LU
m

n-_
0 n-
__-
I.U

0

IL

0
m

U)
>-
Z:

X
W
_J

0
C.)
-r
I-

c/)
i11
m

r_
I--
W

0
LU

X
I.IJ
,-I

0
0

0

I-

0
m

_J
IJ.

i-:

v

c/)
Z
0
m

i-

ra

<

r_
W
I:1:1

Z

C/)

.-I
0
Z
>.
LU
n-

0

Z
0
m

I-
0
m

I.U
r_

<
r_

0

c/)

LU
I--
C/)
>.
C/)

m

-.I

-I-.

m

,,!..

uJ
ILl

C/)

0
.-I

0

LU
C/)
m

n-
O

0
m

0
¢/)

.¢
rr
!-

0

-I"
0
m

--I
is_

is_
0
rr
111

iu

m

I:1::
w

i-
<
_.1
0
IZ
I-
Z
0
0

m._aO
m..i
ml.iJ
,¢>
I-Z
_w

0



i

N92-70954

_9

¢fl

Z
0

C_
r_
U

r_

z
z
0
U
o

g

Z

r..
0

Z

r,..)



>

r,1
>
0

U
r..
tn

tn
r,q

I-4

_a
o

r.,
u

0

tn
Z
0

N

Z

0

r_
U

Z
I--I

0
0
U

e

U

ul

co

Z

o3

0
U

Z

0

r.1

0

co
z
0

U

Z

O_

U
Z

tD
r,.
tn

tn

0



i_;___ !_-'_._:...'.:_!-.'_3-_ ::=_:_:---

• :!:.._:

U_

I--4

c_

0

c_
U

u_

u_

I"'4

I-'4

B

O
o.i
o.i
_D
03

Q

E_
I--I

I"-4

O.i

r,.

r,'l
u3

0

I

0

F_

0

n_

0

U

Z

z

f_

Z

0

0
Z
n_
tD

e_
n_

tD
Z



i

• . .. .... ,&._ ;,,..,_:,_.t_.._

. • ,.... :<._ ._ /. ,:,:!" : ,

_: .:_-.-" .:.,-- 2,?- "._: .. , L ,_ •, -

.... , : ._ " . ' :7 .

: - ,_' __ ,-i. i ¸ ' i:.

C_J

"T,

(%t
,,q.

7"

Ofl, IGINAL P/'-,OE IS

OF POOR Q_..!ALITY

__.

03"



i--I

U 0

Z

Z

0

I

0

0

0
0
;.-.1 r..

Z

Z 0

0
Z _ Z

Z Z Z 0

Z
0

0

Z
0

Z

Z
0

Z

,C

Z

C_
_C

_D

Z

z
0

• --_ _ _. _'.

r_
_D

z

0

t3

°tD
Z

Z

tD
'_ 0

r_ t_ _ _ 0

,-_
I
0_ _ _ Z
0 _n _ _ Z rn

0 _ ,_ m: :_ _

t_)

r_

_ _ o



Z

O

_> O

t;3
O

O

Z
!

O Z

t.)

D_

t_
tD

o3

Z

Z

0

u_ 0
Z

z

_ 0

L)

Z _

0 _

Z
I-4
.q

0

0

_9 _ tD
Z Z Z

Z _ _ 0_ _ _ _

_ _ 0 0 0 0 0

f.,

Z
z _-_
_ 0

0 0

0 _ 0
_n _ Z

! ! {

_n

t_

I

Z
0

z

z
O

to
z
O a_

! !

0_
tD

tD
z
O

t_

t_)

0

0

r.1

C9
[--4



0

I

0

0

r,1

r,,
0

Z
0

U
r.,

0

Z
H

r.1

r.,

r.1

_Z

r,1



-4

1 OF POOR QUArITY



o



• i

I

Z

,,:x:

0

,OF POOR QUALF_Y

b,._



I



.k=. : ..

_, i _

°.

-_i_'., :*¸ _

ORIGINAL P,_.OE iS

OF POOR QUA LIllY





©

::::-:::::.++.:::::::_i:':+:':':+;''+

oO.......

:'_+::'iii!iiiiii!!ii!!!!ii!i!!!iii

t+++4_++l_l +_ + - . +,.+ + +-._

OF +_'00_+ _+_+,+i++,L++_"..........

, + +|,



_ _ :i ¸ -_

_ .,._i_{_,_I. - _-,

r .

i:.

k



_ - _L i. ,

_ _w _ ,.

o

i _._ _ _r¸'

• r •

Z
O

b_

r,l
r,.



a

I

I

X

t

|





_i iiii!iiiiiiii!iii!!iil il_ i_ii!iii!_i_ i_ilL,,_,_...r._
i::.:.:::::::::::::":::::::::.:::'.::.::::::::.:.'-:.:-::::::::i::i:i:i:!:i::: :i:i: ...... ' ::i:!::_/:i-::i:_,

':':':':':':':" ':':':<':':': t_-. "' "" ""'" ""_



Z
0
)-,.4

Z

Z
0
0

N

0
z

0

ZD

0
,-I

P,,

r*



ORIGINAL PAGE IS

OF POOR QUALITY





Z
<

Z

_r_

Z
0
g_

<
C_

0

r_,
0

O_

>
_E

<

U
Z

t_

U_
0

0

I

Z
<

c.)
H

Z_

0

.,-n_

0

ZO

ZO

_n_n
Z_

I-4 H

>

0

r,_

_0

O_
<0

[DO

_O

<
r.._.
O_

_-0
O_

0 l:l:l

r_

&
O

_[.-t

I--I

_[.-i
OZ

0

_)Z
0

;0_

r_
<

OO

O

DO

¢N

>

g_

z
_r,_

_Z

ca_
Z_

_O

<

_ °
O_
_. •

r_

=d
r.._.
oo

I-4

_m

_o

_r.rl

<_.

g_
_3
Z

r_
Z
<

u_

_Z

<0

,'.
C_

"Z
_0
0

Z
_D

z

:n

0

Z
0

_D

t_

>

z
<

_D

0

z_
O_

<a..,
_0

,..m
E-,O
h-I I--I

Z_
OZ
_H
<.._.



d

t_

h.

t_ (','1 o_

(_

Z

U

U
r,.
O_

o...

U

0

U

(1)

U

Z

0

Z

U

r.1
_3
0

0

t--I

_3
,-n

v

c_

en

Z

_n

U

0

r_ 0

o9 r_ _.

0 0

Z
0

Z

Z
0
C.)

b,.



i

a_ F_

,C

r..
0

0
r..

,C

0

F_
Z

0

a_z
_CO

O_

I 0_
z_

O_

0

0

0

,_r..



VI. SMALL WORKING GROUP REPORTS





GROUP A

Low Speed Aerodynamic Flows

Bldg. 258 / Rm. I 1 !

Suggested Spokesperson J. South

L. Chow

S. Davis

D. Driver

S. Kjelgaard

R. Margason
R. Mehta

A. Nakayama

S.Robinson*

M. Rubesin

A.Thomas

W_W_ow

N_Pood

* Guide and room coordinator
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GROUP B

High Speed Aerodynamic Flows
Commercial

Bldg. 229 / Rm. 215

Suggested Spokesper.son: P. Rubbert

R. Barnweil

T. Coakley

W. Harvey
J. Lee

D. Johnson

J. Malone

G. Mateer*

J. McCroskey
T. Pulliam

L. Putnam

K. Rogers
M. Salas

L. Seegmiller
P. A. Wilcox

L. Roberts

* Guide and room coordinator



!C _ _ .._ . _

.-' _.,:.._-:-_..

_l-_l_J feb " ......

4

--% -- "--

--k "

.=

U'-"

! -

-_ .__.,_ _



_.____,,.

i •



_T- • ¸ _

&=

4='

I

.

..= - . .
. ._.--.._,

,_-..-

_-_ ..- __-± • - .... _ _ ..

"--z





-_Jrdl,.- "



-

_.

_-'.;..

/
i

7





Z.

(_ 6 ° • ....7



0'_ t,4,__ _

1

.o

°





//



4,.
,,,;:



GROUP C

High Speed Aerodynamic Flows

Military

Bldg.229 1 Rm 117

Suggested Spokesperson- H.Yoshihara

P. Bobbitt

J.Brown*

L.E.Ericcson

M. George
W. Henderson

T.Hoist

G.Howell

J. Murphy
C.Nietubicz

M. Olsen

J.Pittman

J._einer

P.Weinacht

A. Verhoff

J.Viegas

G._
*Guide and room coordinator
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High Speed Aerodynamic Flows-_VIllltary

Chalr_d by H.Yoshlhara ud P.Bobbltt
.r

_CFD Vldidstioa _/or]mhop

Jul)" 14-16, IN7 "

NASA Ames Research Center, I_ffett F/eld', CA 94035, USA

--o _

-_I. "Near and Far Term Problem Press _equiringl_lL.w models and Validation Activities. -
/" o

_II. _ew Computer, Experiments, FS_ities, _ iutramentafiom for item IL
._ o'_.

_._IDooperative l_/o_el and W_idstion Projects. : -_.- -_

-_. _$tandard Test Cues. -=--- ::-:--_ :i_

-- .-- =. - .... '] -.: =_" . -7=' __

.... - . t ____ .

_L

L ___

1

-



lrh-ellmlnary: Identh_ Products and L-npo_t Fluid Dynamic Elements

1. __N_msonlc Fig_hter .:.

Cruise _ad maneuver. _Predict I>rmsure distribution, Drsg, moments.

m Shock_oundazy-laTer interaction separation.

* B_e Drag w propulsion on. !n61uaes _,Wtbo_,_et e_anst interaction.
. Powered lifz.. _

.. Vo_ex/Bu_i.S. _ -_-_ ....--_:_.--. .
•- " -_ lnlet/noule. -- - -.- :- := ::

- - - _m _Separation'Betfet. __ .
:_. BZOV]., - =..._= .

-,,'Lo,,.,_peeal_"ro_d: ': ---- ..... -
_Power-jet interaction w lurfacm.

.,B. BtoreJ ' +_'"
-+, + . .-

--mCan"i.a_ --. " -__..:.
:._-:]Re.lease (dya amic)

I i --:: .. .-_ ;.., .... - .:_=_ : ...... -- _:

.-.p ....
R _

. - = ----=.__,.. -= ....

-.--:__ _._.._.=_......,,..._ _- _ __ - ._...;_..... ._, w- ...:_:_._._ L .-

-- __. _.:. __ -_ --:-.--.-:-_.- :.__

-.,.t -
-- _. ---
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L Key Efforts {Numerics] and ]Facper'tmenta]

Immediate Modeling und Validation needs.
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III. New Computer, Experiments, 7acllitiw _-

• _D LD'¢'6 aeeded, but instrument _eeds developmmt and _ur_y.

• Laser Induced Fluorescence. |odine{dan_e,'o_) ma Hydras71 mzlicals{c.an put in

_,ind-zunnel). :-: -

.. ...



IV'. Ooope_tlve Model and Val|datlon Pr_ee_

• Focus on stand&d Cases.

• Need ¢o move both Model and Support system(to Zrestest poam'ble degree.)

r-.-
.. o

o_

Q

r_.

&
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_r. Standard Test Cues

Primal" purpose is to validate code.

Test Cases sbould have" ......

1. Simple Geometry.

_. ]Ledundancy d experiment, more than one I_'ty.

.-_. Redundancy of instrument&tlom.

AL Available conligur_tion _n8 data. NOT Proprietary. ....

- ,_l)sta _eeded:
i --a._09 aow.

-'_. Forces and moments.

a. c,,c3
4. 1Velocity profiles

_. "_nstesdiness issue?

_Near term - measure mean Sow and ex/>erime_ter to a_tempt to characterive unsteadi-

_.._mess'_ unsteadiness exists.

Wsz ierm?

-_ Dt,,cu,_d -
a. Swept_'iug (Forward and B_:kwsrd sweep)-=-÷= .... .......

- -_-Dben(Ames-HRCIl), 10-inch span ud _ord. C,an Sddfuselage s_d strske. _
" - : -:_oundsry-la_er effects may be prob|emstic with different wind-tunnels.

__ _ _. :_.-_Psthflnder 2. f_h-Rey_olds number .... - _____ - .......

::_=-:---'-:-_e_ta.--_B_m_2o].__ io:_u-move]W_er _els. "Ongo'mg._-L_ -

C. WinZ_F_sel_e. -- " -"-:.... " -

-i__][_ckson Double.Delt_ or StrskeJ_Delts. ......

-I). _P_,om--m-_ete"Fighter.

,¢.--_!.;_-- -.--__, 2.5 foot sifted to.l_o_o-_ _O" _mWTF.dDsn move _ otbex tunnels.

_,_ -. __...... =, ---. ,__=.__..
.... ymmetric Jkhb ":=.... ---" -

_. --. • ....

--- ORIGIN_.L PA_ !S

01: POOR- t_LIALiTY

- ?c7 ......- ._.:-:- .__ -_-.--
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Remark= on computer code requirements for LE Vortex
v

• 4_ k

° __

_,_.. - :

-z ....

=_-i:-.---_,- 7 ORIGINAL I_(_E IS:=---
" '_ - OF POOR dl-_i'rv-'__-

" _ C-"_--T --.,. -- -- " _-

. .',:,,:..

--_ Cons_er Delta win]_ w]t]_ _ leading edge. ]Eeynolds =umber effects w_ occar

l_ce vortex formation _e_ed in bo_u-_ lawyer _d w'O] _ee_ Nm'ier-Stokes. - -
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Menu of CodesT

a/_nviscid. Establish limits o! applic_b_.

. PLne] methods

• _$mall Disturbance methods

--_ Potential Flow codes.
• _EulerCode

-: _ -,-_ _iscons.

-_ _::4 _oupled Bounda.,y-Layerfln_isdd m_ho_
•__*l_.eynokls-Aver_ed N&vier-Stokes.

-Comment: There exists problems _ e_nv]ex to reasonably address at present.
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GROUP D

Internal Flows

Bldg.245 1 Rm. 215

Suggested Spokesperson: B.Lakshminarayana

B. Anderson

S. Connell

R. Delaney

T. Doligalski

C.Forrester

R.Gaugler
F.Gessner

M. Hathaway

H. Mongia

D. Monson*

W. PatMck

* Guide and room coordinator
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GROUPF

Hypersonics II

External Aerothermodynamics

Bldg. 245 / Rm. auditorium

Suggested Spokesperson: S. Bogdonoff

I.6hateley

R.Conti

G.Chapman

D.Chaussee

D.Dwoyer

J.Grace

H. Hamilton

C.Horstman

W. Lockman*

:___RLLowe

i_J2- Newman

-_-7'-?.11odi
6.Settles

F.Spaid

---T,_Vas , .

* Guide and room coordinator
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